Using inelastic magnetic neutron scattering we have discovered a localized spin resonance at 4.5 meV in the ordered phase of the geometrically frustrated cubic antiferromagnet ZnCr 2 O 4 . The resonance develops abruptly from quantum critical fluctuations upon cooling through a first order transition to a co-planar antiferromagnet at T c = 12.5(5) K. We argue that this transition is a three dimensional analogue of the spin-Peierls transition.
Interacting spins on geometrically frustrated lattices offer the possibility of qualitatively new states of matter [1] [2] [3] . Relevant lattices are weakly connected and feature a triangular motif. The kagomé and pyrochlore lattices are for example built from corner-sharing triangles and tetrahedra, respectively. Theoretical work indicates that spins-1/2 with antiferromagnetic nearest neighbor Heisenberg interactions form quantum spin liquids in both systems [4] [5] [6] while classical spins develop long range order on the kagomé lattice [7, 8] but not on the pyrochlore lattice [6, 9] . On this lattice single ion anisotropy is necessary to induce a phase transition [10] .
Kagomé and pyrochlore antiferromagnets studied experimentally so far have spin S ≥ 1 and most feature a continuous magnetic phase transition with |T c /Θ CW | ≪ 1. The low temperature (T ) phase can be a spin-glass or a long range ordered antiferromagnet (AFM).
The spin-glass phases are unusual in that they can occur in crystalline solids without discernible quenched disorder, and as a consequence they have attracted much recent interest [11] [12] [13] . Less attention has been devoted to Long Range Ordered (LRO) phases of geometrically frustrated AFM's. LRO develops at low temperatures in numerous normal spinel antiferromagnets AB 2 O 4 wherein the octahedral B-site forms the same magnetic lattice as in the pyrochlore structure [14] . In this letter we explore this low T phase through inelastic neutron scattering experiments on ZnCr 2 O 4 . We find a local spin resonance athω = 4.5 meV that is the first direct observation of Q−space degeneracy for magnetic excitations in a geometrically frustrated magnet. The resonance develops abruptly along with sub-lattice magnetization, low energy spin waves, and a tetragonal lattice distortion at a first order phase transition that we argue is a three dimensional analogue of the Spin Peierls (SP) transition. [15, 16] give values for J ranging from −2.8 meV to −4.0 meV and also provide evidence for biquadratic exchange The corresponding normalization factor was applied to background subtracted data to obtain measurements of the normalized magnetic neutron scattering intensity [17] 
Here F (Q) is the magnetic form factor for Cr 3+ [18] and S αβ (Q, ω) is the dynamic spin correlation function [17] : The spectral weight ish dimer at the nearest neighbor separation r 0 = 2.939Å [19] . The spin pair model produces a broader peak than the experiment indicating that the resonating spin cluster in ZnCr 2 O 4 is more complex. Spin wave theory may provide a useful starting point for understanding the resonance.
Geometrical frustration leads to constant energy surfaces or volumes for spin wave dispersion relations in reciprocal space. Such Q− space "degeneracy" in turn yields pronounced vanHove singularities in wave vector averaged spectra. Reimers et al [20] showed that the pyrochlore AFM has two degenerate modes for any Q in the Brillouin zone. Wave vector independent excitations also exist for the kagomé AFM [8] and these have a real space interpretation in terms of the so-called weather-vane modes [21] . A real-space interpretation has yet to be found for dispersionless excitations in the pyrochlore lattice. The broad peak in Fig. 2 (b) indicates that they are highly localized in the ordered phase of ZnCr 2 O 4 .
Turning now to excitations in the paramagnetic phase, Fig. 3 (a) -(c) show the imaginary part of the spin susceptibility, χ ′′ (Q, ω) for several temperatures larger than T c . χ
was derived from inelastic neutron scattering data at Q 0 = 1.5Å −1 via the fluctuation dissi-
. From the spectra we derived a temperature dependent spin relaxation rate, Γ Q , and a static staggered susceptibility, χ Q , by fitting to the following phenomenological response function: lattice [9] . The deviation of α from unity in ZnCr 2 O 4 is perhaps not surprising given that the material does exhibit a magnetic phase transition. However the fact that Γ Q tends to zero as T → 0 rather than at T c indicates that the system may actually be approaching a spin liquid state with a gap k B θ = 0.75 meV before being interrupted by a first order transition to an unrelated competing phase.
This idea is consistent with Fig. 4 which compares the temperature dependent lattice parameters and magnetic Bragg peak intensity (frame (b)) to the inelastic neutron scattering spectrum at Q 0 = 1.5Å −1 (frame (a)). Magnetic Bragg peaks, a tetragonal lattice distortion, and the spin resonance all appear abruptly, and without conventional critical fluctuations at T c .
Why does order develop in this near isotropic pyrochlore AFM when theorists say it
should not? [6, 9] The answer may be the finite rigidity of the frustrating lattice. Consider for example the effect of tetragonal strain on the spin system. It is well known that the exchange interaction between Cr 3+ ions whose oxygen coordination octahedra share an edge is strongly dependent on the Cr-Cr spacing, r [22] . Analysis of a series of chromium oxides indicates that dJ/dr ≈ 40 meV/Å [23] . This implies that tetragonal strain ǫ a > 0 and ǫ c < 0 below an ordering temperature that we denote T N t . Because order appears abruptly and simultaneously with the tetragonal strain we infer that T N t > T c . This may be possible despite the modest value of ∆ H s because of the strong local constraints present when |T /Θ CW | << 1. In addition there could be other hitherto undetected lattice modifications at T c that also favor Néel order (see below).
The magnitude of the lattice distortion is controlled by the need to balance the increase in lattice energy and the decrease in entropy against the decrease in internal spin energy.
Specifically, equating the free energy F = H l + H s − T S of the competing phases at T c implies that
when cooling through T c . We can derive H s from Fig. 1 (b) and (c) using the first moment sum rule: [25] ∆ H s = − 3 2h
Limiting the integral to 0.2 meV to 12 meV and averaging data for 1.3Å −1 < Q < 2Å http://arXiv.org/ps/cond-mat/9908433v1
